Introduction {#Sec1}
============

Gallbladder cancer is a highly aggressive malignancy with poor prognostic results because of its anatomical location, lack of typical symptoms and aggressive biologic nature. The 5-year survival rate of gallbladder cancer is reported at less than 15 % \[[@CR1]\]. Because of the lack of obvious symptoms, most patients with gallbladder cancer are diagnosed at an advanced stage with clinically evident disease and when curative surgical resection is not possible. In a recent study, 80 % of the patients had metastatic disease and only 20 % had potentially resectable disease at time of the diagnosis \[[@CR2]\].

Surgical resection is the only current therapeutic approach that is potentially curative, but tumor recurrence is common after curative resection and the benefits of adjuvant chemotherapy and radiotherapy are dubious.

Survival of this malignancy is related to the disease stage, depth of tumor invasion, lymph node (LN) and distant metastasis \[[@CR3]\]. Because gallbladder cancer spreads early, an extensive workup is important in order to accurately define the tumor stage, especially LNs and distant metastases.

Multiple studies have evaluated the extent of the disease, with computed tomography (CT) and magnetic resonance imaging (MRI) being the most frequently utilized.

Fluorine-18 (F-18) fluorodeoxyglucose (FDG) positron emission tomography (PET) plus computed tomography (CT) has been recently reported to improve the sensitivity to detect primary or metastatic gallbladder malignancies \[[@CR4]\]. F-18 FDG PET can detect tumors earlier than conventional imaging, and can evaluate the aggressiveness of tumor and predict a prognosis based on the increased glucose uptake by malignant cells \[[@CR5]\]. As gallbladder cancer is a malignant tumor with a tendency to early systemic spread, this imaging tool could prove to be useful in identifying and selecting patients with disseminated disease not amenable to curative resection \[[@CR6]\].

Recent studies using F-18 FDG PET/CT were limited to evaluation of staging and detection of distant metastasis or recurrence \[[@CR2], [@CR7]\], but there have been no studies to assess FDG uptake of F-18 FDG PET/CT as a prognostic predictor in patients with gallbladder cancer.

Therefore, the aim of this study was to investigate the prognostic value of F-18 FDG PET/CT in patients with gallbladder cancer.

Materials and Methods {#Sec2}
=====================

Patient Eligibility {#Sec3}
-------------------

We obtained Institutional review board (IRB) approval. From June 2004 to June 2010, 50 consecutive patients with gallbladder cancer who underwent F-18 FDG PET as a pre-treatment workup were enrolled in our retrospective study. Informed consent for the procedure was obtained from each patient. In 45 of 50 patients, the presence of adenocarcinoma was histologically proved with specimens obtained by surgery, biopsy or cytologic analysis. And the rest of patients were clinically diagnosed based on imaging modalities of CT, endoscopic ultrasonography (EUS), cholangiography and hematological findings before treatment. Pathologic diagnosis and classification of the tumors were made according to the American Joint Committee on Cancer (AJCC) staging system. The clinical and pathologic records of each patient were reviewed, and the following information was gathered: age, sex, maximum standardized uptake value (SUVmax), serum level of carbohydrate antigen (CA)19-9 and carcinoembryonic antigen (CEA) before treatment, type of treatment (surgery, chemotherapy and or supportive care) and AJCC staging.

F-18 FDG PET/CT Acquisition {#Sec4}
---------------------------

PET/CT scans were performed on Biograph6 (Siemens Medical Solution, Knoxville, TN, USA) and Discovery LS (General Electric Medical Systems, Milwaukee, USA) PET/CT scanners. All patients fasted for at least 6 h before the administration of F-18 FDG and FDG was injected intravenously with 10-12 mCi (370-444 MBq) 1 h prior to imaging. Blood sugar levels of all patients were measured prior to injection of F-18 FDG. A non-enhanced low-dose CT scan was obtained for attenuation correction because all patients had already undergone contrast-enhanced abdominopelvic CT before the F-18 FDG PET/CT scan. The CT portion of the Discovery LS consists of a multidetector helical scanner (LightSpeed Plus; General Electric Medical Systems) and Biograph 6 consists of a six-slice CT. Imaging parameters were as follows for an acquisition at five to seven bed positions: 140 kV, 80 mA, 0.8 s per CT rotation, a pitch of 6, a table speed of 22.5 mm/s, 722.5-1,011.5 mm coverage, a 31.9-37 s acquisition time for Discovery LS and 130 kV, 30 mA, 0.6 s per CT rotation, a pitch of 1.5, 20.89 s acquisition time for Biograph 6. The CT scan was performed before emission PET scans. The current of the CT tube was adjusted according to patient weight. The CT data were resized from a 512 × 512 matrix to a 128 × 128 matrix to match the PET data in order to generate a CT transmission map and to fuse images. PET emission data were acquired for five to seven bed positions, typically from the base of the skull through the upper thigh. Emission data were acquired for 6 min for each bed position. Each bed had 35 (for Discovery LS) or 39 (for Biograph 6) scanning planes with a 14.6 cm (for Discovery LS) or 16.2 cm (for Biograph 6) longitudinal field of view and a one-slice overlap. PET images were reconstructed using CT for attenuation correction with the ordered-subsets expectation maximization algorithm (two iterations, eight subsets) and a 5-mm Gaussian filter using a 128 × 128 matrix.

In the evaluation of inter-scanner comparison of SUV value, the measurement of radioactivity is most important, because SUV value has a linear relationship with the radioactivity. Therefore, we performed an experiment to evaluate the variability in radioactivity measurement from the both PET/CT cameras, using a pie-shaped phantom as previously described \[[@CR21]\]. In this experiment, we used the same parameters for acquisition and reconstruction of image used in human study. We obtained pie-shaped images with six sectors reflecting different radioactivities (0, 7,000, 14,000, 28,000, 57,000, and 114,000 MBq/ml) of F-18, and placed six small circular regions of interest on the each sector to get pixel value in MBq/ml unit. The values of radioactivity from images were compared and showed the variable difference less than 5 % in quantitative measurements between two PET/CT cameras (estimated regression slope = 0.98, *r*^2^ = 0.99, *p* = 0.001).

FDG PET/CT Image Interpretation {#Sec5}
-------------------------------

All PET/CT scans were examined retrospectively by three observers on an interactive computer display using fusion software (Xeleris; General Electric Medical Systems and Syngo; Siemens Medical Solutions). This software allows review of PET, CT, and fused data using transaxial, sagittal, and coronal displays. To perform a quantitative analysis, the SUV was calculated in the suspected neoplastic foci (SUV tissue tracer concentration/injected dose/body weight). For the SUV analysis, a circular region of interest was placed over the area of maximal focal FDG uptake suspected to be a tumorous focus, and the maximal values were obtained.

Statistical Analysis {#Sec6}
--------------------

Statistical analysis was performed using Medcalc software v. 11.3. All values are expressed as means ± standard deviation (SD). The following statistical analyses of potential prognostic factors were performed in all 50 patients with gallbladder cancer. Patients were stratified and analyzed by univariate analysis, using age, sex, pre-treatment serum CA 19-9 level, serum CEA level, tumor size, tumor location, type of treatment, AJCC stage and the SUVmax of the primary lesion. Patients were classified into low SUVmax and high SUVmax subgroups by ROC analysis. Survival time was measured from the date of the pre treatment FDG-PET study until the date of death. Overall cumulative survival was analyzed by the Kaplan-Meier method and differences in survival between subgroups were compared using the log-rank test. A *p* value of \<0.05 was considered to be statistically significant. Variables with *p* \< 0.05 in univariate analysis of factors affecting survival were included in a subsequent multivariate analysis, using a Cox proportional hazard model.

Results {#Sec7}
=======

Patients Characteristics {#Sec8}
------------------------

Patients' characteristics are detailed in Table [1](#Tab1){ref-type="table"}. The mean age of the patients in our study was 67 ± 8 years (range, 48--83 years; 21 men and 29 women). Overall median survival in the patients included in our study was 245 days, mean SUVmax was 8.3 (range, 0--19.7). The median CA19-9 and CEA level for the all patients was 69.9 U/ml and 14.3 U/ml. Number of patients by stage were: 6 in stage I and II, 9 in stage III, 35 in stage IV and type of treatment were 11 in surgery, 21 in chemotherapy, 18 in supportive care. The median survival time for patients with surgery was 753 days, 253 days in chemotherapy and 93 days in supportive care.Table 1Characteristics of patientsLow SUV (≤6.0)High SUV (\>6.0)*p* valueSUVmax (mean ± SD)4.6 ± 1.78.9 ± 3.6Median survival (days)404212Age (mean ± SD, years)62 ± 6.169 ± 7.70.0200Sex Male6150.2800 Female425Stage I00 II330.2000 III18 IV629Pathologic proven936Clinical diagnosis14CA19-9 (mean ± SD, U/ml)99 ± 2,93164 ± 5,3940.7800CEA (mean ± SD, U/ml)3.8 ± 1.443.6 ± 2780.7800Treatment Operation47 Chemotherapy4170.2500 Supportive care216*SUVmax* maximum standardized uptake value

Comparison of Survival by SUVmax {#Sec9}
--------------------------------

Cutoff value of the SUVmax for the 50 patients was 6.0 (10 patients had SUVmax of 6.0 and 40 had a SUVmax of ≥6.0) by ROC analysis. The median survival for patients with a SUVmax of \<6.0 was 405 days versus 203 days for patients with a SUVmax of ≥6.0 (*p* \< 0.0400). These two groups differ statistically with regard to age (*p* = 0.0200). Patient groups with stage III-IV had a higher SUVmax than those with stage II. We were able to find a statistical difference in survival and SUVmax between surgical and non-surgical groups (*p* = 0.0001). In addition, patient groups with higher SUVmax had a rising tendency to medical and or supportive care.

Survival Analysis {#Sec10}
-----------------

A Kaplan-Meier curve was drawn for patients with SUVmax of \<6.0 or ≥6.0. In the univariate analysis, SUVmax (*p* = 0.0400), tumor stage (*p* = 0.0001), serum level of CA19-9 (*p* = 0.0130) and CEA (*p* \< 0.0060), type of treatment (*p* = 0.0001), LN metastasis (*p* = 0.0001), distant metastasis (*p* = 0.0020) showed a significant relationship with overall survival (Table [2](#Tab2){ref-type="table"}). In multivariate analysis, SUVmax (*p* = 0.0380), LN metastasis (*p* = 0.0260), stage (*p* = 0.0260) and type of treatment (*p* = 0.0005) were found to be independent predictors of overall survival. In particular, the hazard ratio of SUVmax 3.05 (95 % CI, 1.06--8.71), of LN metastasis was 3.35 (95 % CI, 1.16--9.66), and stage was 3.45 (95 % CI, 1.18--10.23) (Table [3](#Tab3){ref-type="table"} and Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"}, and [4](#Fig4){ref-type="fig"}).Table 2Univariate analysisVariableNo. of patientsMedian survival (days)*p* valueAge \<67253060.5300 ≥6725203Sex Male212800.1500 Female29221SUVmax \<6.0104050.0400 ≥6.040203Stage I00 II66500.0001 III9530 IV35180CA19-9 \<69.9253230.0100 ≥69.925235CEA \<14.3253090.0060 ≥14.325180LN metastasis N0117470.0001 N17330 N232170Treatment Operation13753 Chemotherapy212530.0001 Supportive1693Distant metastasis No282800.0020 Yes22155*SUVmax* maximum standardized uptake valueTable 3Multivariate analysisCovariableHazard ratio95 % confidence interval*p* valueSUVmax3.05061.06--8.710.0383LN metastasis3.35031.16--9.660.0260Stage3.45761.18--10.230.0259Treatment3.17211.66--6.050.0005Distant metastasis2.00100.88--4.520.0973CA19-92.05010.69--3.210.3061CEA1.49540.90--4.640.2010*SUVmax* maximum standardized uptake valueFig. 1Survival curves of patients with maximum standardized uptake values (SUVmax) of \>6.0 (40 patients, *broken line*) or ≤6.0 (10 patients, *unbroken line*)Fig. 2Survival curves for patients of N stage 0 (11 patients, *unbroken line*), 1 and 2 (39 patients, *dotted line*)Fig. 3Survival curves by treatment type: operation (11 patients, *unbroken line*), chemotherapy (21 patients, *broken line*), and other treatments (18 patients, *dotted line*)Fig. 4Survival curves by tumor stage: II (6 patients, *unbroken line*), III (9 patients, *broken line*), and IV (35 patients, *dotted line*)

Discussion {#Sec11}
==========

F-18 FDG PET is a relatively recent, noninvasive imaging technique that is based on the principle of specific tissue metabolism because of selective F-18 FDG uptake and retention by malignant cells. F-18 FDG PET has the advantage of providing scans of the whole body in one session, and allowing initial staging (including LN and distant metastasis) and early detection. Petrowsky et al. \[[@CR8]\] reported that PET-CT was superior to conventional imaging modality, such as contrast-enhanced CT scan in the diagnosis of LN and distant metastases in patients with gallbladder cancer. F-18 FDG PET has been proposed for diagnosis, staging, effectiveness of treatment and the prediction of long-term survival in different malignancies \[[@CR9]--[@CR12]\].

Several studies involving detection of recurrent gallbladder tumors \[[@CR13]\], staging \[[@CR14]\], and differentiating \[[@CR15]\] have been conducted.

Various studies have assessed whether the tumor SUVmax can be used to predict the survival of patients with biliary tract malignancies. Furugawa et al. \[[@CR16]\] reported that patients with high SUVmax of biliary tract carcinoma had a poorer survival rate than those with lower SUVs on univariate analysis, but multivariate analysis showed that the pN, pM, pTNM stage were independent factors, and SUVmax was not.

Kitamura et al. \[[@CR17]\] reported a similar relation between prognosis and SUVmax at a cutoff of 5.7, and their multivariate analysis revealed that SUVmax, tumor stage, treatment and LN metastasis were an independent predictors of survival.

Although gallbladder cancer was classified under extrabile duct cancer, studies separated from extrabile duct cancer have not been done for prognostic parameters in patients with gallbladder cancer.

In addition, Shibata et al. \[[@CR18]\] reported that LN metastasis, stage T3 were independent predictors of survival, and Chan et al. \[[@CR19]\] reported that significantly better survival was associated with only curative treatment compared with palliative treatment in patients with gallbladder cancer. In these studies, independent prognostic factors were analyzed without using FDG PET.

Our study evaluates the association between FDG uptake of primary tumor and prognosis in patients with gallbladder cancer and showed that the SUVmax of the primary tumor was an independent prognostic factor.

Survival analysis showed that survival was significantly influenced also by stage, CA19-9, CEA, LN metastasis, distant metastasis and type of treatment in univariate analysis. In multivariate analysis, SUVmax, LN metastasis, stage and type of treatment were significantly associated with survival time. The hazard ratio for higher SUVmax scores was over 3.1-times that of lower SUVmax groups and was independent of other prognostic factors. The hazard ratio of SUVmax was similar to the LN metastasis and stage, well-known prognostic factors for gallbladder cancer \[[@CR20]\].

According to our results, the SUVmax calculated with F-18 FDG-PET can be used as a strong independent prognostic parameter of gallbladder cancer, allowing accurate identification of those patients who will benefit from intensive anticancer treatment at different stages of the disease.

In previous study, Yoo et al. \[[@CR5]\] reported that TLG was independent prognostic factors for predicting overall survival, but SUVmax was not a statistically significant prognostic factor. Although it is argued that SUVmax may not represent the heterogenous character of the whole tumor, the SUVmax may represent the higher glucose metabolism of tumor. And SUVmax is a widely used semi-quantitative value that can be easily assessed by a formula that uses the amount of FDG injected and the patient's weight, this simplicity is useful in the clinical setting and contrasts with the complexity of full quantitative assessment or additional program settings to measure metabolic volume. In addition, measurement of metabolic tumor volume are under controversy because of methods of measuring of threshold (percentage of SUV or standard deviation). So results of our study is different from previous one, SUVmax may additional or supportive prognostic factor for predicting overall survival at least.

In addition, we verified that LN metastasis, stage and type of treatment significantly predict survival in pretreatment F-18 FDG PET/CT. Distant metastasis had a significant association with survival in univariate analysis, but did not have an independent effect in multivariate analysis (*p* \< 0.058). Because F-18 FDG PET/CT has advantages of being able to detect early incidental or unexpected distant metastasis in initial staging and lower exposure to radiation due to one session scans compared with conventional imaging modalities, we suggest that tumor stage, LN and distant metastases in pretreatment F-18 FDG PET/CT can influence decisions of resectability and prognostic predictions in patients with gallbladder cancer. Meng et al. \[[@CR21]\] reported that radical resection might result in a reasonable prognosis for gallbladder cancer patients with local metastasis of the LNs, but was not effective when distant LNs were involved.

An early diagnosis for gallbladder cancer is difficult because of lack of typical symptoms and aggressive biologic characteristics. There is a tendency for early LN metastasis and direct invasion into the liver, and spreading to abdominal cavity, biopsy tract at diagnosis. For this reason, a number of non-resectable patients in advanced gallbladder cancer received chemotherapy or supportive care more than other gastrointestinal malignancies \[[@CR22]\]. Efficacy of non-operative therapy was doubtful and there are no established therapeutic options with improved prognosis \[[@CR23], [@CR24]\]. Therefore, we divided into three groups (operation, chemotherapy and supportive care) and overall survival time in resected patients was longer than that in non-resected patients in univariate analysis. This was most likely because that resected patients had a little local invasion and distant metastasis.

Our study had a several limitations. First, the use of ROC curve analysis in the prediction of binary events has achieved attractiveness, as the test characteristics of sensitivity and specificity are relevant to discriminating high-risk subjects from low-risk subjects. Analyzing differences in the ROC curve analysis is a common method of comparing two models for prognostic risk prediction. We used a simple ROC curve for calculation of the ideal cutoff point of SUVmax. However, there may be controversy regarding the correlation between prognosis and SUVmax due to possibility of bias by variation of follow-up period, but the important point is that of the F-18 FDG PET/CT parameters, SUVmax is also a predictor of prognosis with metabolic tumor volume. Second, we used two different types of PET scanners.

In conclusion, SUVmax by measured F-18 FDG PET/CT was found to be significantly related to survival and it could be useful to predict prognosis in patients with gallbladder cancer.
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